Introduction
============

Temporomandibular disorders (TMDs) are a common orofacial disease.[@b1-ppa-8-1419] In epidemiological reports, there are approximately 10%--15% of adults with TMD.[@b2-ppa-8-1419] The clinical symptoms are pain, clicking, limitation of mouth opening, or deviation of mouth-opening movement.[@b3-ppa-8-1419] Joint pain and limitation of mouth opening are especially going to critically affect mastication, speaking, and other oral functions in a patient's daily life. Many studies were designed to examine the effectiveness of treatment for TMD. The results of the systematic reviews, however, showed that the findings must be interpreted with caution due to invalid or unreliable outcome measures.[@b4-ppa-8-1419],[@b5-ppa-8-1419] The maximal mouth opening is often measured to show the treatment outcome. Therefore, a tool to evaluate the motion of the temporomandibular joint (TMJ) is necessary for the outcome measures of TMD management.

Traditionally, the distance between the tips of the upper and lower incisors was measured by a caliper,[@b6-ppa-8-1419] slide gauge,[@b7-ppa-8-1419] tape measure,[@b8-ppa-8-1419] or millimeter ruler[@b9-ppa-8-1419] as the range of the mouth opening. Furthermore, the total vertical opening was also measured to indicate the range of the mouth opening.[@b5-ppa-8-1419] Several studies, however, had found a difference in the maximal mouth opening between subjects with different skeleton and occlusion morphology.[@b10-ppa-8-1419],[@b11-ppa-8-1419] Therefore, scholars suggested that the maximal mouth opening cannot provide reliable information regarding TMJ mobility.[@b12-ppa-8-1419],[@b13-ppa-8-1419] Moreover, the symptoms of TMD are often associated with the asymmetric and deviated motion of a lower jaw during mouth opening. Therefore, limitation of lateral movement away from the affected side and the deviation of the mandible to the affected side during mouth opening will be found.[@b14-ppa-8-1419] The measurement of the distance between the upper and lower incisors or the total vertical opening without considering the jaw deviation may cause some errors such that the mobility of TMJ cannot be actually represented by the distance. The increment of the distance measured from the upper incisor to the lower incisor might be found in the exacerbation of the deviation. Conversely, the reduction of the distance might also be obtained when the deviation was improved by increasing the mobility of hypomobile TMJ. These conditions will mislead the outcome measure of TMD management.

Arthrokinematic movements of TMJ involve rolling, distraction, anterior gliding, and medial, lateral gliding of the mandibular condyle relative to the mandibular fossa of the temporal bone.[@b15-ppa-8-1419] Furthermore, joint mobilization techniques are used to increase the mobility of distraction and gliding of the mandibular condyle to correct TMJ disorders.[@b16-ppa-8-1419] Consequently, the displacement of the mandibular condyle may indicate the magnitude of the mouth opening and be used to examine the outcome of joint mobilization techniques. Because of the difficulty of measuring directly on the surface, it is important to find a simple and convenient tool to detect the mobility of the mandibular condyle.

Sonography is a fast, less expensive,[@b17-ppa-8-1419] no radiation, and noninvasive technique enabling dynamic imaging of the TMJ.[@b18-ppa-8-1419],[@b19-ppa-8-1419] Several studies compared magnetic resonance imaging and sonography in the diagnosis of TMD[@b20-ppa-8-1419]--[@b22-ppa-8-1419] and demonstrated that the sensitivity, specificity, and accuracy were 64%--78%, 75%--78%, and 70%--78%, respectively, in closed mouth and 61%--68%, 63%--88%, and 65%--77%, respectively, in open mouth.[@b23-ppa-8-1419]--[@b25-ppa-8-1419] Moreover, a recent study reported that sonography has higher sensitivity for the evaluation of individual condylar sliding than clinical measurement of maximum interincisal movements and is a sensitive tool for assessing joint function.[@b12-ppa-8-1419] Investigation into the reliability of measuring the gliding of the mandibular condyle was, however, rare. Therefore, the purpose of the study was to establish the reliability for evaluating the motion of the mandibular condyle by sonography.

Materials and methods
=====================

Subjects
--------

Thirty-eight subjects (28 female, ten male; mean age 36.1±8.3 years) with unilateral TMD were recruited according to the research diagnostic criteria (RDC)/TMD criteria[@b26-ppa-8-1419] by an experienced physical therapist and their clinical symptoms of pain, click, and limited mouth opening corresponding with the RDC/TMD Axis I diagnosis of disc displacement with reduction (group IIa) and without reduction with limited opening (group IIb). Their affected sides were tested. Exclusion criteria were the subjects having one of the following conditions: rheumatic diseases, recent trauma, and wearing a stabilization splint or dental braces for orthodontics. The condylar movements were limited in these groups of patients. Therefore, if the limited condylar movement can be detected by sonography, this technology can be applied in clinical practice to observe general condylar movement. In addition, 24 nonsymptomatic subjects (nine female, 15 male; mean age 33.5±7.8 years) were recruited to correct the basic data of condylar mobility measured by sonography. Both sides were measured and the averages were obtained. All subjects were fully informed of the test procedures and the purpose of the study. Written informed consent approved by the Ethics Committee of the author's university was obtained from all subjects.

Detection of condylar motion
----------------------------

Condylar motion was assessed by ultrasound apparatus (SonoSite 180 Plus; SonoSite Inc., Bothwell, WA, USA). The probe (5--10 MHz, linear array) was placed on the joint site transversely at the level of the zygomatic arch. The picture of the condyle as the mouth closed was captured and recorded after viewing the clear condyle. Holding the probe on the same site afterward, the subject was instructed to open his or her mouth as wide and as gently as possible. Similarly, the picture of the condyle as the mouth opened was captured and recorded after the clear condyle was viewed. An echo-absorptive marker X was placed between the skin and the ultrasonic probe as a means to confirm that the probe did not move during mouth opening. The subject was examined in a sitting position. The examiner stood behind the subject with one hand holding the probe to execute the examination and another hand placed on the temporal area of the untested side to fix the subject's head. Before examining, the subject was instructed to practice mouth opening and closing three times to confirm that the mouth movement would not be interrupted by the fixation. The recorded pictures were transported to the personal computer to await further analysis.

Image processing
----------------

The software CorelDRAW X5 was used to process all the images. The mouth-closed image was put above the mouth-opened image and lined up with the shadow of the marker X. Two separate vertical lines were drawn through the centers of the condyles on these two images. The horizontal distance of these two vertical lines was measured and converted to the actual value in proportion to the scale and regarded as the anterior translation of the mandibular condyle during mouth opening ([Figure 1](#f1-ppa-8-1419){ref-type="fig"}).

The procedures of locating the positions and measuring the displacement between two mandibular condyles in mouth closing and opening were repeated twice on different days by the same examiner for testing the intrarater reliability; these were conducted twice in a day by two separate examiners for testing the interrater reliability. The reliability of examining the same image from one subject indicated the within-image investigation while the different images from the same subject indicated the between-image investigation to represent the reliabilities of the mobility measuring and the image capturing, respectively. Two examiners, who were physical therapists with experience of sonographic assessment for 1.5 years and 1 year, respectively, spent 2 weeks before formal examination becoming familiar with operating the ultrasound apparatus, associating the anatomy atlas with the sonography, and interpreting images. The flow chart of the reliability examination is shown in [Figure 2](#f2-ppa-8-1419){ref-type="fig"}.

Statistical analysis
--------------------

All data were analyzed using the Statistical Package for Social Sciences (SPSS for Windows, Version 11.0; SPSS Inc., Chicago, IL, USA). One-way analysis of variance was used to test the difference among the three groups in within-image or between-image examinations. The intraclass correlation coefficients (ICCs) were calculated for reliability, and the stability and consistency of the parameters measurement were examined by standard error of measurement (SEM) and coefficient of variation (CV). The descriptive data were demonstrated with mean ± standard deviation. The sonography was expected to be a measurement tool of treatment outcome, so the minimal detectable difference (MDD) would also be estimated. The MDD was calculated using the following formula: $$\text{MDD}_{\%} = z*\ \text{SEM}*\sqrt{2}$$

Results
=======

The mean condylar translations in within-image and between-image examinations for each group are presented in [Table 1](#t1-ppa-8-1419){ref-type="table"}. The mean translation of the mandibular condyle obtained from the subjects in group IIb was significantly smaller than that from the subjects in group IIa and the nonsymptomatic group in within-image as well as between-image examinations. The results of intrarater reliability, interrater reliability, SEM, CV, and MDD~95%~ in the within-image and between-image tests are summarized in [Table 2](#t2-ppa-8-1419){ref-type="table"}. The ICCs of the intrarater reliability in both the within-image and between-image situations and the interrater reliability in the within-image situation were all excellent (ICC \>0.9). The interrater reliability in the between-image situation was good (ICC \>0.8). The values of the SEMs and MDDs~95%~ in the within-image situation were smaller than those in the between-image situation. The CV in the within-image, however, was greater than that in the between-image situation.

Discussion
==========

The results of the current study show the excellent reliabilities of sonography to assess the mobility of the mandibular condyle. Nevertheless, the magnitudes of the mandibular condylar anterior translation were different for all subjects in the present study due to the different severities of limitation in range of mouth opening. Consequently, the patients' diverse conditions caused the larger CVs, which were 39.3% and 34.3% for intrarater within-image and between-image assessments, respectively. In addition, the SEM indicated the stability of repeated responses over time. The study revealed that the intrarater SEMs were 0.04 cm and 0.09 cm for the within-image and between-image assessments, respectively. The values can be used to estimate for the entire group, based on the confidence interval (CI) as expressed in the following equation: $$95\%\ \text{CI} = \text{observed}\ \text{score} \pm 1.96*\text{SEM}$$

Therefore, the within-image and between-image intrarater SEMs will fall in this range of observed score ±0.08 and 0.18 with the 95% CI, respectively. Furthermore, to address the outcome of treatment, the observed differences from before to after treatment must reflect true change and not simply random measurement error.[@b27-ppa-8-1419] The SEM is also the most common statistic used to determine the MDD, the smallest change above the threshold of error expected in the measurement. MDD~95%~ means that 95% of stable subjects present a random variation of less than this amount when tested on multiple occasions. The intrarater MDD~95%~ in the current study was 0.11 cm for within-image assessment. People can expect 95% of stable subjects in this population to show random variation of \<0.11 cm in repeated trials of the within-image assessment. Therefore, as the intrarater within-image sonography was used to assess the mandibular condylar translation before and after intervention, a change of ≥0.11 cm would be considered true change.

In previous applications on TMJ, sonography was often used for diagnosis; for example, the diagnoses of anterior disc displacement, joint effusion, and condylar erosion and the relational sensitivity, specificity, and accuracy have been reported.[@b28-ppa-8-1419] Few investigations, however, were to examine the reliability of sonography to assess TMJ, except for the evaluation of the disc position.[@b29-ppa-8-1419] Past studies concerning the condylar motion included description of the track,[@b30-ppa-8-1419] the mean measurement difference,[@b20-ppa-8-1419] and the absolute and relative error[@b12-ppa-8-1419] without providing any data of reliability or agreement. The present study examined completely the reliabilities of sonography to assess the condylar motion, including the intrarater and interrater reliabilities with the within-image and between-image conditions. This was because the identification of the condyle would be affected by the quality of the images even if they were from the same subject. Therefore, the complete examination for reliability was focused not only on the image interpretation but also on the image capture ability. The results demonstrated that the within-image reliabilities were better than the between-image reliabilities regardless of interrater or intrarater examinations. The intrarater within-image reliability was almost 0.99 with higher reliability and lower SEM; therefore, this type of assessment was suggested in clinical application. Moreover, the possible reason for the higher ICCs obtained in the current study was that the identification of the skeleton (condyle) was easier than that of the muscle when compared with the measurement of local cross-sectional dimensions of the masseter.[@b31-ppa-8-1419]

The mean translation of the mandibular condyle with merging the data of group IIa and IIb in the current study, which were 0.85±0.33 cm and 0.85±0.29 cm in within-image and between-image examinations, respectively, was similar to the results of the investigation conducted by Landes and Sader.[@b12-ppa-8-1419] The authors reported that the mean translation of the condyle for the symptomatic patients whose symptoms included disc displacement with and without reduction was 0.9±0.39 cm. In the nonsymptomatic investigation, the mean condylar translations were 1.03±0.37 cm and 1.04±0.33 cm in within-image and between-image examinations, respectively, which was also similar to 1.09±0.36 cm obtained from asymptomatic subjects with Angle Class III in the previous study.[@b12-ppa-8-1419] The measurements, however, were different between these two sonographic studies. The Landes and Sader study measured the distance, but the current study measured the horizontal displacement, from two identical condylar locations during mouth opening. According to the placement of the probe, the horizontal displacement indicated the anterior translation, and the vertical displacement indicated the medial or lateral translation of the condyle. To assess the treatment outcome of manual joint mobilization techniques, including the anterior gliding and medial and lateral gliding in clinical application,[@b16-ppa-8-1419] it is necessary to examine the condylar mobility along the direction of treatment.

Another characteristic of the study was the image capturing and processing. A marker X was set between the skin and the probe as a landmark to certify that the probe did not move during mouth opening.[@b32-ppa-8-1419]--[@b34-ppa-8-1419] If movement occurred, the displacement measurement would be influenced. The shadow of the marker X in the image was regarded as the reference to line up the mouth-closing and mouth-opening images to increase the accuracy of measurement.

The motions of mandibular condyle include anterior translation, inferior translation, and lateral and medial translation during mouth opening. Only the anterior translation was measured in the study because this motion can be observed in the scanning field, as the probe was placed horizontally along the level of the zygomatic arch and the tracks were consistent for all subjects. In the pilot study, the probe was also placed vertically along the level of the ramus to observe the inferior translation of the mandibular condyle.[@b20-ppa-8-1419] However, the track of the condylar motion was often out of the scanning field while the mouth was open, due to the greater anterior translation. Moreover, in the symptomatic TMJ, the occurrences of medial or lateral translations were inconsistent. Therefore, the last two motions of the mandibular condyle were not measured in the present study. In future work, the examination of these two motions may be improved by way of replacing the type of ultrasound probe and changing the strategy of subject classification.

As an assessment tool for TMJ, there were some limitations for sonography. Firstly, the inferior translation of the condylar motion is not easily observed, and that will lead to the restriction of inferior translation not being detected and the treatment outcome of the distraction technique not being measured. Secondly, both TMJs should move simultaneously and symmetrically in normal function. If the restriction occurred in one joint, another would also have an abnormal performance. In general, however, it is rare to have two ultrasound apparatuses to observe the two joints simultaneously. This question can perhaps be resolved by establishing the relationship between the lateral or medial condylar translation and the deviation of the mouth opening.

The placement of the probe in the current work was the same as that in the Landes and Sader[@b12-ppa-8-1419] study. Three movements of the mouth, including open, protrusion, and mediotrusion, were examined in their study, however, while only open movement was tested in our work. The main reason was the difference of the subject inclusion criteria. In the Landes and Sader study, the Angle classification method was used to classify TMD patients for three levels of occlusion with the alignment of teeth and bite, which were structural factors. The RDC/TMD criteria, however, were used in the present study to classify TMD patients with the click sound production and limitation in mouth opening, which were functional factors. To consider sonography as the measurement tool of treatment outcome, the functional improvement will be more important than the structural change. Therefore, the RDC/TMD criteria were used and the mouth-opening movement was examined in the current study.

Conclusion
==========

Assessment of the mandibular condylar mobility by sonography has the advantage of real-time and dynamic observation with high reproducibility and low SEM. The results of the present study can be regarded as the reference for the clinical application of sonography to measure the mandibular condylar mobility and show that sonography is a reliable tool to measure the treatment outcome for patients with TMD.
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![The location of the mandibular condyle at mouth closing is shown in the upper image and at mouth opening is shown in the lower image. These two images were lined up with the shadow of the marker X. Two vertical lines were drawn through the centers of the condyles on these two images. The distance between the two vertical lines indicated the horizontal displacement of the condyle from mouth closing to mouth opening.](ppa-8-1419Fig1){#f1-ppa-8-1419}

![Flow chart of the reliability examination.\
**Abbreviations:** A, examiner A; B, examiner B.](ppa-8-1419Fig2){#f2-ppa-8-1419}

###### 

The mean condylar translations in within-image and between-image examinations for each group (unit: cm)

  -----------------------------------------------------------------------------------------------------
  Group\          Group IIa\   Group IIb\                                             Nonsymptomatic\
  (case number)   (21)         (17)                                                   (24)
  --------------- ------------ ------------------------------------------------------ -----------------
  Within-image    1.07±0.28    0.58±0.14[\*](#tfn1-ppa-8-1419){ref-type="table-fn"}   1.03±0.37

  Between-image   1.05±0.27    0.60±0.14[\*](#tfn1-ppa-8-1419){ref-type="table-fn"}   1.04±0.33
  -----------------------------------------------------------------------------------------------------

**Note:**

*P*\<0.05.

###### 

The summary of the reliabilities, variation, and errors of measurement

                  Intrarater   Interrater                                             
  --------------- ------------ ------------ ------- ------ ------- ---------- ------- ------
  Within-image    0.986        0.04 cm      39.3%   0.11   0.970   0.055 cm   37.3%   0.15
  Between-image   0.904        0.09 cm      34.3%   0.25   0.857   0.119 cm   37.0%   0.33

**Abbreviations:** Intrarater, intrarater reliability; Interrater, interrater reliability; ICC, intraclass correlation coefficient; SEM, standard error of measurement; CV, coefficient of variation; MDD~95%~, minimal detectable difference of 95% stable subjects in this population.
